Comparison between surgical and catheter based ablation in atrial fibrillation, should surgical based ablation be implemented as first line? -A meta-analysis of studies a b s t r a c t Introduction: Ablation remains a modality of choice in select patients with Atrial fibrillation (AF). Which is done via a surgical or catheter-based approach. Objective: This meta-analysis aimed to compare the efficacy of Surgical and Catheter ablation in the management of AF. Methods: Electronic search on PubMed (MEDLINE), EBSCO, EuropePMC, Clinicaltrials.gov, and Google Scholar was done. Studies comparing the use of surgical or catheter ablation in patients with AF were included. The Primary outcome of interest was Arrhythmia free patients at 12 months post-ablation. Results: Eight studies (744 patients) reported a statistically significant difference in Arrhythmia recurrence rate between surgical and catheter-based ablation. The pooled hazard ratio was chosen to compare the risk of AF recurrence between these groups with pooled Hazard ratio comparing surgical to catheter approach of 0.40 [0.35,0.45], p < 0.001 favoring surgical approach; low heterogeneity I 2 22%, p ¼ 0.25. Meta-analyses were also performed on procedural time, length of stay and major adverse events. Conclusion: The increased rate of adverse effects and length of hospitalization impedes the implementation of surgical ablation as primary ablation method of AF in general. However, the result of our meta-analysis shows the promising result of surgical ablation compared to catheter-based ablation.
Introduction
Atrial fibrillation (AF) remains a burden in the field of cardiology. AF can present adverse consequences in relation to a reduction in cardiac output and possible embolization from the formation of thrombus at the atrial appendage. Furthermore, patients with AF are at increased risk of mortality [1, 2] .
Catheter ablation has lead to symptom improvement in many AF patients, however, it has not been shown to decrease risks of embolization or death. The principal efficacy outcome is through symptom reduction by reducing AF burden. Even then trials such as MANTRA and RAAFT-2 showed freedom of AF to be decreasing as time progresses [3, 4] .
Treatment of AF is generally divided between rate and rhythm control. A rate control strategy employs the use of drugs that slows conduction across the atrioventricular node. While rhythm control strategy uses either antiarrhythmic drug therapy, percutaneous catheter ablation, or a surgical ablation procedure.
This meta-analysis aims to compare surgical and catheter-based ablation approaches in the management of atrial fibrillation.
Methods
We performed a comprehensive search on studies that assess the comparison between surgical and catheter-based ablation in AF patients from inception up until February 2019. We searched [Surgical versus catheter ablation for atrial fibrillation] and its synonyms using PubMed, EuropePMC, EBSCOhost, Cochrane Central Database, ClinicalTrials.gov, and snowballing from potential articles cited by other studies. The records were then systematically evaluated using inclusion and exclusion criteria. Two researchers (E.Y and R.P) independently performed an initial search, discrepancies were resolved by discussion. (A preferred reporting items for systematic reviews and Meta-Analysis flowchart of the literature search strategy of studies).
Selection criteria
The inclusion criteria for this study are all studies that assess the comparison between surgical and catheter ablation of AF and its relation to AF recurrence. Cross-sectional and case-control studies were excluded as of those studies with insufficient data to assess the outcome of interest. The primary outcome measured was the Arrhythmia free period between patients who underwent surgical ablation compared to catheter ablation. Secondary outcomes were procedural time, Major complications, and length of stay. We include all clinical researches/original articles and exclude case reports, review articles, and non-English language articles.
Data extraction
Data extraction and risk of bias assessment were done by two independent authors (E.Y and R.P) using standardized extraction form with includes authors, year of publication, study design, sample size, type of ablation, and length of follow up.
Statistical analysis
Meta-analysis was done using Review Manager (RevMan) version 5.3 Software (Cochrane Collaboration). We used the Hazard ratio (HR) and 95% CI as a pooled measure for dichotomous data. We used the odds ratio (OR) and a 95% CI as a pooled measure for dichotomous data. We used Mean Difference (MD) and its standard deviation (SD) as a pooled measure for the continuous data. Inconsistency index (I 2 ) test which ranges from 0 to 100% was used to assess heterogeneity across studies. A value above 50% or p < 0.05 indicates statistically significant heterogeneity. We used the Mantel-Haenszel method (for OR) and the generic inverse variance method (for HR and MD) with a fixed-effect model for meta-analysis and a random-effect model in case of significant heterogeneity. All P values were two-tailed with a statistical significance set at 0.05 or below.
Results
The search result for studies that assess the comparison between surgical and catheter ablation of atrial ablation yielded a total of potential 1811 articles. We removed 1040 duplicates. We excluded 740 articles after screening the titles and abstracts. There were 36 potentially relevant articles. We screened the full-articles and abstracts and after applying the inclusion and exclusion criteria, 26 studies were excluded due to studies comparing between hybrid and catheter ablation (n¼3), studies involving surgical cut and sew (n¼2), studies involving surgery of mitral valve (n¼3), studies being meta-analysis (n¼2), studies did not include the outcome of interest (n¼19). We included eight studies for qualitative synthesis and eight studies were available for metaanalysis. There were 744 patients with AF who underwent ablation from eight cohort studies. The subjects had either paroxysmal or persistent AF whom generally had already failed a single regiment of an antiarrhythmic drug. The follow-up ranges from a mean of 12e67 months (see Tables 1 and 2 ) (see Fig. 1 ). 
Risk of bias analysis
We performed a risk of bias analysis using tools provided in Review Manager (RevMan) version 5.3. Assessment of random sequence generation was done on 5 randomized studies with results of low risk of selection bias, this assessment was not done on other studies due to the fact that these studies were not randomized. Studies by demaat et al. posed a significant risk of selection bias due to the absence of allocation concealment. Studies by demaat et al. and Haldar et al. posed a significant risk of performance bias due to the absence of blinding. All of the studies included in this meta-analysis poses minimal risk for detection bias, attrition bias, reporting bias, and other bias. (Fig. 2A&B ).
Arrhythmia recurrence rate at 12 months
Eight studies reported a statistically significant difference between Arrhythmia recurrence rates between surgical and catheterbased ablation. The pooled hazard ratio was chosen to compare the risk of AF recurrence between these groups with pooled Hazard ratio comparing surgical to catheter approach of 0.40 [0.35,0.45], p < 0.001 favoring surgical approach; low heterogeneity I 2 22%, p ¼ 0.25 [5e11]. (Fig. 3 ).
Procedure time surgical vs catheter ablation
Four studies reported a statistically significant difference between procedure time in minutes between surgical and catheter ablation groups with a pooled MD of 41. 17 [5, 6, 9, 11] (Fig. 4 ).
Major adverse events in surgical vs catheter ablation
Six studies reported a statistically significant difference between Major adverse events occurring between surgical and catheter ablation groups. The pooled odds ratio was chosen to compare the risk of major adverse events occurring between these groups with pooled OR of 4.11 [2.26,7 .50] p < 0.001 favoring catheter ablation; low heterogeneity I [2] 0%, p ¼ 0.51. Major adverse events were defined as MACCE which consist of death, myocardial infarction, coronary artery bypass surgery, and stroke [5,6,8e10,12] (Fig. 5 ).
Length of hospital stay
Three studies reported a statistically significant difference between Length of hospital stay between surgical and catheter ablation groups. Pooled MD was chosen to compare the length of hospitalization between the groups with MD result of 3.97 days [2.00,5.95] p < 0.001 favoring catheter ablation; high heterogeneity I 2 88%, p < 0.001. Removal of studies by deMaat et al. Reduces Table 2 Procedural characteristics of studies.
Author
Year (Fig. 6 ).
Discussion
In our study, we proved that surgical approach based ablation has a significant advantage over catheter ablation in the terms of AF recurrence at 12 months of follow up. Our study utilized pooled Hazard Ratio to better compare and comprehend the probability of having an AF recurrence.
Several factors across several studies might explain the heterogeneity of this analysis. A study by Adiyaman et al. includes rather a small sample size and abnormal distribution of data, which is shown by presentation of data in range, not in mean with standard deviation. Studies by demaat et al., despite being matched in a 1:2 ratio, was not randomized, it is not explained as to why matching was performed in a 1:2 ratio. It is interesting to note that study by Wang et al. also contributed to heterogeneity on analysis of procedure time, even though that the authors of this study stated that they performed a matched case-control procedure in the selection of study subjects [5, 8, 11] .
On analysis of procedure length, a study by Adiyaman et al. showed a statistically insignificant confidence interval which crosses 0. This might arises due to the abnormality of data distribution in the study which necessitates mean difference calculation using interquartile range formulas [5] .
A high heterogeneity can also be observed in the Analysis of the length of hospitalization which includes 3 studies. On sensitivity analysis this heterogeneity can be tracked to study by demaat et al. One of the reasons why a study by demaat et al. has significant heterogeneity is that choice of ablation methods were given to patients [8] .
Several clinical considerations must be taken due to the result of meta-analyses of secondary outcomes that showed a longer procedural time in surgical ablation, an increased risk of developing adverse events, and a longer length of hospitalization.
These drawbacks of Surgical ablations must be weighed in on deciding whether a patient will undergo surgical or catheter-based ablation. Keeping in mind the lower risk of AF recurrence as opposed to the higher risk of developing adverse events, and lengthier procedure time and duration of admission.
In the light of recent advances in the ablation of AF, our study included one study which implements the use of contact force ablation catheter (Ensite Velocity 3D). Due to the unavailability of other studies that compare the use between contact force catheter versus surgical based ablation, we were unable to perform subgroup analysis on this subject. However, the result of this study also showed that more patients that underwent catheter ablation experienced AF recurrence compared to surgical ablation [10] ( Table 2) .
With the more established atrial remodeling both structurally and electrically in patients with longstanding persistent AF, a more thorough method of ablation is warranted. Surgical ablation is advantageous in this perspective compared to catheter due to the fact that it ensures the creation of robust and continuous lesions compared to catheter ablation, as the creation of transmural lesions is the mainstay of any ablation strategy [13] .
Currently, as per the ACC/AHA/HRS 2014 guidelines on the management of AF, surgical ablation is only recommended on: (a). selected patients with AF undergoing cardiac surgery for other indications (Recommendation Class IIa, level of evidence C) and (b). selected patients with highly symptomatic AF not well managed with other approaches [14] .
With this existing recommendation, surgical ablation might be useful for patients with longstanding persistent AF as initial therapy. Given the superior efficacy of surgical ablation compared to catheter-based ablation in this population of patients.
Furthermore, safer and less-invasive modalities have been developed for surgical epicardial ablation, such as; off-bypass thoracostomy, mini-thoracotomy, and video-assisted thoracoscopic surgery [14] .
We also performed subgroup analysis specific studies that include each paroxysmal and persistent AF, however, results of these subgroup analysis still carry a significant heterogeneity and this subgroup analysis failed to decrease heterogeneity.
Arrhythmia recurrence at 12 months as studied within this meta-analysis might be influenced by several studies that include population of patients with left atrial enlargement. As left atrial structural remodeling, which includes enlargement, is a predisposing factor to the development and maintenance of AF. This structural remodeling facilitates an underlying electrical remodeling of the atria [15, 16] . However it is prudent to also consider that presence of AF results in remodeling of the atrium over time, hence the "AF begets AF" norm [17] .
This might also explain the tendency relapse in patients who underwent catheter-based ablation, as the more invasive approach is required for patients with pre-existing left atrial remodeling, which is believed to be achieved with surgical epicardial ablation. A multicenter study by Iribarne et al. showed that not only surgical ablation improved long term survival or AF patients, but also this "protective effect" of surgical ablation was seen across patients with or without valvular pathologies. This survival benefit was also not associated with an increase in postoperative morbidity or mortality [18] .
The result of this study is in accordance with several other studies which states the superior efficacy of surgical based ablation approach in patients with AF. A study by Lall et al. which includes 242 patients who underwent surgical based ablation approach using COX-MAZE III and COX-MAZE IV showed a 96% freedom of AF at 12 months for COX III and 93% for COX-MAZE IV group [19] . This is a rather steep value compared to the average success rate of catheter-based ablation, even with the use of contact force-sensing catheter, the success rate of SMART AF study was lower (66%e81%) [20] . A major advantage of surgical ablation as stated by Ramlawi et al. is the robust and continuous nature of ablated lesions compared to results obtained from catheter-based ablation, it is also important to note that regardless of modality, reliable transmural lesions are of paramount importance in AF ablation [13] .
The authors acknowledged several limitations in this study, a significant increase in heterogeneity were observed on the inclusion of studies by demaat et al. and Adiyaman et al. We performed a sensitivity analysis by excluding these studies and comparing the results with their inclusion. There are no data regarding the surgical risk of patients included in this study, and thus it's difficult to assess the benefits of each modality based on the surgical risk of patients. There is only one study by Haldar et al. which compares the use of contact force catheter versus surgical ablation, we hope that more similar studies can be done in the future. Finally, as with all systematic reviews and meta-analysis, the risk of publication bias exists and cannot be dismissed. This is further complicated by the fact that negative studies are even less likely to be published. We put our best endeavors to search from various libraries and databases to minimalize this bias.
Conclusion
With the results of this meta-analyses, surgical ablation for AF was shown to be superior in efficacy compared to catheter-based ablation. However, the increased rate of adverse effects and length of hospitalization impedes the implementation of surgical ablation as an initial modality in the treatment of AF in general. This is further solidified by the apparent drawbacks of surgical ablation which includes increased risk of periprocedural adverse events and a longer hospital stay which must be weighed in on deciding ablation method. Currently, it is uncommon for patients without any indication for open-heart surgery to be referred for surgical ablation. However, the result of subgroup analysis on longstanding persistent AF patients shows the promising result of surgical ablation compared to catheter-based ablation, and thus referring these specific group of patients for surgical ablation will be beneficial.
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